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NEW FIBRINOGEN BINDING PROTEIN ORIGINATING FROM COAGULASE-NEGATTVE 
STAPHYLOCOCCUS 

The invention relates to the field of gene technology and is concerned with recombinant 
DNA molecules, which contain a nucleotide sequence coding for a protein or polypeptide having 
fibrinogen-binding activity. Moreover the invention comprises micro-organisms (including viruses) 
5 containing the aforesaid molecules, and the use thereof in the production of the aforesaid protein or 
polypeptide and their use in biotechnology. Further, the present invention comprises diagnostic and 
therapeutic uses of said new protein, e.g. compositions for active and/or passive immunisation. 

Background of the invention 
During the last decade, the coagulase-negative staphylococci (CNS) have attracted an 
1 0 increasing attention. Along with the development of human and veterinary medicine, the number of 
susceptible hosts have increased. Advanced surgery, an increased use of bio-materials, medication 
with cytostatics, antibiotics and other drugs together with an increased frequency of antibiotica 
resistant strains of CNS have increased the susceptibility of the host. Concerning the veterinary 
importance of the CNS it is known that they can cause e.g. both sub-clinical and clinical 
1 5 inflammation in the bovine udder. The existence of bacteria that bind specifically to fibrinogen has 
been known for many years. The role of fibrinogen binding in the interaction process between the 
host and Staphylococcus aureus is still not clear but the fibrinogen-binding has been considered as 
one potential virulence factor of this species for instance in endocarditis (Moreillon et al 1995). No 
protein with fibrinogen binding properties has hitherto been described originating from CNS. 

2 0 However, the present invention describes the characterization and isolation of such protein using 

gene cloning. Furthermore, the invention describes different methods to measure the fibrinogen 
binding activity on cells of CNS and the use of this protein in biotechnology. 

Generally, it might be difficult to obtain a homogeneous and a reproducible product if such 
a binding protein was prepared from staphylococcal cells directly. Moreover staphylococci are 
25 pathogenic and need complex culture media, which involves complications in large-scale cultures. 
There is thus a need for a new method for producing a fibrinogen binding protein (or fragments 
thereof). 

Summary of the invention 

The present invention discloses a new fibrinogen binding protein called FIG, a DNA 

3 0 molecule encoding said protein and applications for their use, according to the attached 

claims. Importantly. the present invention fills the long felt need of providing methods and 
means for diagnosing, type-determination, treatment and prevention of infections, caused by 
coagulase negative bacteria. 

SUBSTITUTE SHEET (RULE 26) 
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Short description of the figures 
The invention will be described in closer detail in the following, with support of the 
enclosed examples and figures, in which 

Fig, 1 shows the adherence values as a function of fibrinogen coating concentration for the 
5 S. epidermidis strains 2, 19 and JW27 (Example 1A), 

Fig. 2 shows percent inhibition for antibodies against fibrinogen, compared to antibodies 
against fibronectin (Example IB), 

Fig. 3 shows percent inhibition as a function of competing fibrinogen concentration 
(Example 1C), 

1 0 Fig- 4 shows the protease sensitivity of adherence to fibrinogen (Example ID), 

Fig. 5 shows the inhibition of adherence by LiCl extract (Example IE), 
Fig. 6 shows the complete nucleotide sequence of the fig gene from S. epidermidis strain 
HB and the deduced amino acid sequence of the encoded protein. A putative ribosomal binding she 
(RBS) is underlined and a possible transcription termination hairpin loop is double underlined. A 

1 5 putative signal sequence (S) is indicated with an arrow and the translational stop codon with an 
asterix The start of the non-repetitive N-terminal region called A, harbouring the fibrinogen 
binding activity is indicated by an arrow. R indicates the highly repetitive region. The motif LPXTG 
involved in cell wall anchoring is indicated in bold characters and the membrane-spanning region is 
marked M (Example 3), 

20 Fig. 7 shows a schematic drawing comparing the fibrinogen binding protein FIG of S. 

epidermidis and the clumping factor (ClfA) of S. aureus. The similarity, (%), of corresponding 
regions in the proteins is indicated in the figure between the two protein bars. S is the signal 
sequence; A, the non-repetitive region harbouring the fibrinogen binding activity; R, the diamino 
acid residue repeat region; W the region proposed to be involved in cell wall anchoring and M, the 

25 transmembrane domain. The numbers indicated refer to the amino acid positions in respective 
proteins as shown in Figure 6 and in reference (McDevitt et al., 1994) (Example 3), 

Fig. 8 shows how GST-FIG fusion protein is captured to fibrinogen in a dose dependent 
way (Example 10), 

Fig. 9 shows the decrease of bacterial binding as a function of GST-FIG fusion protein, 
3 0 GST or FIG (Example 1 1 ), 

Fig. 10 shows the relative adherence as function of serum dilution for two pre immune sera 
and a serum against GST-FIG and FIG, respectively (Example 12), and 

Fig. 1 1 shows the relative bacterial adherence as a function of serum dilution for, on one 
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hand, pre immune serum and, on the other hand, serum against GST-FIG (Example 12). 

Descripti n of the invention 
The present invention relates to a recombinant DNA molecule comprising a nucleotide 
sequence, which codes for a protein or polypeptide having fibrinogen-binding activity The natural 
source of this nucleotide sequence is of course the S. epidermidis strain HB but with the 
knowledge of the nucleotide and deduced amino acid sequence presented here, the gene or parts of 
the gene can be isolated or made synthetically. In particular the knowledge of the deduced amino 
acid sequence for the part of the protein responsible for the fibrinogen binding activity can be used 
to produce synthetic polypeptides, which retain or inhibit the fibrinogen binding. These 
polypeptides can be labelled with various compounds such as enzymes, fluorescence, biotin (or 
derivatives of), radioactivity, etc and used e.g. in diagnostic tests such as ELISA- or RIA- 
techniques. 

For production of a recombinant DNA molecule according to the invention a suitable 
cloning vehicle or vector, for example a phagemid, plasmid or phage DNA may be cleaved with 
the aid of a restriction enzyme whereupon the DNA sequence coding for the desired protein or 
polypeptide is inserted into the cleavage site to form the recombinant DNA molecule. This general 
procedure is well known to a skilled person, and various techniques for cleaving and ligating DNA 
sequences have been described in the literature (see for instance US 4,237,224; Ausubel et al 1991; 
Sambrook et al 1989). Nevertheless, to the present inventors' knowledge, these techniques have 
not been used for the present purpose. If the S. epidermidis strain HB is used as the source of the 
desired nucleotide sequence it is possible to isolate said sequence and to introduce it into a suitable 
vector in manner such as described in the experimental part below or, since the nucleotide sequence 
is presented here, use a polymerase chain reaction (PCR)-technique to obtain the complete or 

fragments of the fig gene. 

Hosts that may be used are, micro-organisms (which can be made to produce the protein or 
active fragments thereof), which may comprise bacterial hosts such as strains of e.g. Escherichia 
coli, Bacillus subtilis. Staphylococcus sp., Lactobacillus sp. and furthermore yeasts and other 
eukaryotic cells in culture. To obtain maximum expression, regulatory elements such as promoters 
and ribosome binding sequences may be varied in a manner known per se. The protein or active 
peptide thereof can be produced intra- or extra-ceUularly. To obtain good secretion in various 
bacterial systems different signal peptides could be used. To facilitate purification and/or detection 
the protein or fragment thereof could be fused to an affinity handle and /or enzyme. This can be 
done on both genetic and protein level. To modify the features of the protein or polypeptide thereof 
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the gene or parts of the gene can be modified using e.g. in vitro mutagenesis; or by fusion of other 
nucleotide sequences that encode polypeptides resulting in a fusion protein with new features. 

The invention thus comprises recombinant DNA molecules containing a nucleotide 
sequence, which codes for a protein or polypeptide having fibrinogen-binding properties. 
5 Furthermore the invention comprises vectors such as e.g. plasmids and phages containing such a 
nucleotide sequence, and organisms, especially bacteria as e.g. strains of £ coli. B. subtilis and 
Staphylococcus sp., into which such a vector has been introduced. Alternatively, such a nucleotide 
sequence may be integrated into the natural genome of the micro-organism. 

The application furthermore relates to methods for production of a protein or polypeptide 

1 0 having the fibrinogen binding activity of protein FIG or active fragments thereof According to this 
method, a micro-organism as set forth above is cultured in a suitable medium, whereupon the 
resultant product is isolated by some separating method, for example ion exchange chromatography 
or by means of affinity chromatography with the aid of fibrinogen bound to an insoluble carrier. 

Vectors, especially plasmids, which contain the protein FIG encoding nucleotide sequence 

15 or parts thereof may advantageously be provided with a readily cleavable restriction site by means 
of which a nucleotide sequence, that codes for another product, can be fused to the protein FIG 
encoding nucleotide sequence, in order to express a so called fusion protein. The fusion proton 
may be isolated by a procedure utilising its capacity of binding to fibrinogen, whereupon the other 
component of the system may if desired be liberated from the fusion protein. This technique has 

2 0 been described at length in WO 84/03 103 in respect of the protein A system and is applicable also 
in the present context in an analogous manner. The fusion strategy may also be used to modify, 
increase or change the fibrinogen binding activity of protein FIG (or part thereof) by fusion of other 
fibrinogen binding molecules. 

The present invention also applies to the field of biotechnology that concerns the use of 

25 bacterial cell surface components as immunogens for vaccination against CNS infections. 
Immunisation using whole bacteria will always trigger a highly polyclonal immunresponse with 
a low level of antibodies against a given antigenic determinant. It is therefor preferable to use 
the protein, polypeptide or DNA according to the present invention for immunisation 
therapies. Notably, immunisation therapies can be conducted as so called passive and active 

30 immunisation. Passive immunisation using the inventive protein or DNA involves the raising of 
antibodies against the said protein or protein encoded by the administered DNA in a suitable 
host animal, preferably a mammal, e.g. a healthy blood donor or a cow, collecting and 
administering said antibodies to a patient One preferred embodiment is passive immunisation 
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of a patient prior to surgery, e.g. operations involving foreign implants in the body. Active 
immunisation using the inventive protein or DNA involves the administration of the said 
protein or DNA to a patient, preferably in combination with a pharmaceutically suitable 
immunostimulating agent. Examples of such agents include, but are not limited to the 
following cholera toxin and/or derivatives thereof, heat labile toxins, such as E. coli toxin and 
similar agents. The composition according to the present invention can further include 
conventional and pharmaceutically acceptable adjuvants, well known to a person skilled in the 
an of immunisation therapy. Preferably, in an immunisation therapy using the inventive DNA 
or fractions thereof, said DNA is preferably administered intramuscularly, whereby said DNA 
is incorporated in suitable plasmide carriers. An additional gene or genes encoding a suitable 
immunostimulating agent can preferably be incorporated in the same plasmide. 

Said immunisation therapies are not restricted to the above-described routes of 
administration, but can naturally be adapted to any one of the following routes of 
administration: oral, nasal, subcutaneous and intramuscular. Especially the oral and nasal 
methods of administration are potentially very promising, in particular for large-scale 
immunisations. 

Examples 

Starting materials 

Bacterial strains, phages and cloning vectors 

Staphylococcus epidermidis strain HB was obtained from Dr Asa Ljungh, Lund, Sweden. 

E. coli strain TGI and strain MCI 061 were used as bacterial host for construction of the 
library and production of the phage stocks. The E coli phage R408 (Promega, Madison, WI, 
USA) was used as helper phage. 

The phagemid vector pG8H6 used is described Jacobsson and Frykberg (1996). 

All strains and plasmid- or phagemid- constructs used in the examples are available at the 
Department of Microbiology at the Swedish University of Agricultural Sciences, Uppsala, Sweden. 
Buffers and media 

E coli was grown on LB (Luria Bertani broth) agar plates or in LB broth (Sambrook et al 
1989) at 37°C. In appropriate cases the LB medium was supplemented with glucose to a final cone, 
of 2%. Ampicillin was in appropriate cases added to the E. coli growth media to a final cone, of 50 
Hg/ml. Staphylococci were grown at 37°C on blood agar-plates (containing 5% final cone, bovine 
blood) or in Tryptone Soya Broth (TSB obtained from Oxoid, Ltd Basingstoke, Hants., England) 
PBS: 0,05M sodium phosphate pH 7.1, 0.9 % NaCl. PBS-T: PBS supplemented with TWEEN 20 
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to a final cone, of 0.05 %. 

Preparation of DNA fro m staphylococci and streptococci 

Strains of S. epidermidis or S. aureus were grown overnight in TSB. Next morning the 
cells were harvested and the chromosomal DNA prepared according to Lofdahl et al (1983). 
Chromosomal DNA from streptococci has earlier been described in WO 95/07300 
Proteins and other reagents 

Human fibrinogen was obtained from (IMCO Ltd, Stockholm, Sweden). Human serum 
albumin (HSA), fibronectin, IgA, lactoferrin and transferrin were obtained from Sigma, St. Louis, 
USA) Bovine serum albumin (fraction V, ria grade) was obtained from USB (cat no. 10868). 
a 2 macroglobulin (a 2 M) and collagen type I were obtained from Boehringer, Mannheim, Germany). 
Vitronectin was obtained from Bional, Tartu, Estonia and human IgG from Kabi, Stockholm, 
Sweden. Elastin was obtained from ICN Pharmaceuticals Inc. CA, USA and pepsin from KEBO 
LAB, Stockholm, Sweden. 

DNA probes were labelled with ct 32 P-ATP by a random-pnming method (Multiprime DNA 
1 5 labelling system; Amersham Inc, Amersham, England) 

Njtrocellulose (NC) filters (Schleicher & Schull, Dassel, Germany) were used to bind DNA 
in hybridisation experiments or proteins in Western-blot techniques. 

In order to analyse protein samples by native or sodium dodecyl sulphate -polyacrylamid 
gel electrophoresis (SDS-PAGE) the PHAST-system obtained from Pharmacia LKB 

2 0 Biotechnology, Uppsala, Sweden was used according to the supplier's recommendations. 

Oligonucleotides used were synthesised by Pharmacia (Uppsala, Sweden). 

Micro Well plates (MaxiSorp, Nunc, Copenhagen, Denmark) were used in the panning 
experiment. Plasmid DNA was prepared using Wizard Minipreps (Promega) and the sequence of 
the inserts was determined as described by Jacobsson and Frykberg (1995). The sequences 
25 obtained were analysed using the PC-gene program (Intelligenetics, Mountain View, CA, USA) 
Routine methods 

Methods used routinely in molecular biology are not described such as restriction of DNA 
with endonucleases, ligation of DNA fragments, plasmid purification etc since these methods can 
be found in commonly used manuals (Sambrook et al., 1989, Ausubel et al., 1991). Ligation 

3 0 reactions were performed using Ready-To-Go T4 DNA Ligase (Pharmacia, Uppsala, Sweden). For 

polymerase chain reaction amplification the Gene Amp™ kit, obtained from Peridn Elmer Cetus, 
was used. Sequence reactions were performed using "Sequenase, version 2.0" kit (United States 
Biochemical Corporation, Cleveland, Ohio, USA). Alternatively the ABI PRISM Dye Terminator 
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Cycle Sequencing Ready Reaction Kit was used and the samples analysed using the Applied 
Biosystems 373 A DN A Sequencer. 

Example 1: The adherence of Staphylococcus e pidermidis to immobilised fibrinogen and 
investigation of the nature of the binding mechanism (A-E) 

Strains of Staphylococcus epidermidis isolated from cases of peritonitis were grown on 
Blood agar plates at 37°C overnight. The bacteria from one plate was harvested with 5 ml 
phosphate buffered saline (PBS), washed once, and the optical density (OD) was adjusted to 1.0. 
(M Bacterial adherence 

Fibrinogen was dissolved in PBS at 10 mg/ml and added in serial 3-fold dilution to 
microtiter wells (Nunc), from top to bottom. The plates were incubated overnight at room 
temperature (RT) To cover uncoated plastic sites the plates were coated with 2% bovine serum 
albumin for 1 hour at 37°C The plates were washed with PBS with 0.05% Tween 20 (PBST). 
Next, bacteria were added in serial 2- fold dilution in PBST, from left to right, to the fibrinogen 
coated microtiter plates. Bacterial adherence was allowed for 2 hours at 37°C or at 4°C overnight. 
Non-adherent bacteria were washed off and the bound bacteria were air-dried. The crosswise 
dilution of both fibrinogen and bacteria allows estimation of bacterial binding both as a function of 
fibrinogen concentration and of amount of bacteria. Determination of bacterial adherence was done 
by optical reading using a microtiter plate reader at A 405. The turbidity and light scatter caused by 
bound bacteria results in a reading ranging from 0.00 to 0.20. An example of adherence values as a 
function of fibrinogen coating concentration is shown in Figure 1 for three different strains (2, 19 
and JW27). These conditions for adherence determination were used in the following experiments. 
fBI Adherence blocking bv antibodies against fibrinogen 

In a modification of the experiment performed above, antibodies against fibrinogen (anti 
Fg) (Sigma) were added 1 hour prior to addition of bacteria (OD=l 0) to the immobilised 
fibrinogen. As a control, antibodies against fibronectin (anti Fn) (Sigma) were added in a separate 
experiment. Figure 2 shows that antibodies against fibrinogen (circles) inhibited adherence better 
than antibodies against fibronectin could (squares). The mean values and standard errors from three 
separate experiments are shown. 
(Q Adherence blocking bv soluble fibrinogen 

Soluble fibrinogen was added to the bacteria at concentrations indicated in Figure 3 and 
incubated for 1 hour at 37°C before addition to plates coated with fibrinogen as described above. 
Adherence of S. epidermidis strain 19 (filled circles) was inhibited to around 30%. As a control, 
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inhibition of Staphylococcus aureus strain Newman was measured in a similar experimental set-up 
(open circles). Mean values and standard errors from three separate experiments are shown. 
Although sijgnificant inhibition of adherence of S. epidermidis was obtained, inhibition of S. aureus 
was more pronounced. 
5 ( P) Reduction of binding after protease treatment of bacteria 

Bacteria were treated for 30 minutes at 37°C with protease K, at concentrations indicated 
in Figure 4, prior to addition to immobilised fibrinogen. Protease treated bacteria were extensively 
washed after protease treatment to avoid protease digestion of the immobilised fibrinogen. Four 
different strains of S. epidermidis (2, 19, 269 and HB) and £ aureus (strain Newman) were used in 

10 this experiment. All strains tested showed sensitivity to protease treatment; thus the adherence to 
fibrinogen depends on a surface protein. 
(E) Adher ence blocking bv LiCl extract of £ epidermidis 

S. epidermidis cells, grown and harvested as described above, were treated with 1M LiCl at 
40°C for 2 hours with continuos gende stirring. The bacteria were centrifuged and the bacteria-free 

1 5 supernatant was filtered and dialysed against PBS. Surface associated proteins bound to the cells by 
hydrophobic interactions are thereby released. This LiCl extract, presumably containing a 
fibrinogen binding protein, was used to inhibit adherence of S. epidermidis to immobilised 
fibrinogen in the following way: LiCl extract at various dilutions was added to the immobilised 
fibrinogen and incubated for 1 hour at 37°C. The plates were washed and bacteria added for 

2 0 adhesion testing. Fig. 5 shows that adherence was better the more the LiCl extract was diluted; i.e. 

an adhesion-inhibitory compound is present in the LiCl extract. Two independent experiments are 
shown. 

Example 2: Isolation of a clone expressing fibrinogen binding activity 

A gene library of S. epidermidis strain HB was produced in a manner as described by 
25 Jacobsson and Frykberg (1996). Staphylococcal DNA was randomly fragmented by sonication. 
The library resulted in 4xl0 7 independent clones, which after amplification had a titer of 2xl0 10 
cfii/ml. Two hundred microlitres of the library were added to each of three fibrinogen coated wells 
and incubated for 4 hour at room temperature (RT). The wells were washed extensively with PBS- 
T and once with 50mM Na-citrate/140 mM NaCl, pH 5.4. Finally, the bound phages were eluted 

3 0 stepwise in the same buffer with decreasing pH (3 .4 and 1 . 8). The luates from the three wells were 

neutralised with 2 M Tris-HCl, pH 8.6. Aliquots of the eluates were used to infect K coii TGI 
cells, which thereafter were grown overnight on LA plates containing glucose and ampicillin. The 
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colonies (obtained after infection of TGI cells with the phage and eluted at pH 3 4 and 1.8 in the 
primary panning) were collected by resuspension in LB medium and infected with helper phage 
R408 [10 10 plaque-forming units (pfu)] for production of enriched phage stocks. Thereafter, the 
infected bacteria were mixed with 4 ml 0.5% soft agar and poured on one LA plate with ampicillin 
After incubation over night 37°C the phages were collected as described by Jacobsson and 
Frykberg (1996). The resulting phage stock was repanned against fibrinogen as described above. 
The result presented in Table 1 . shows that there is an enrichment of clones having affinity to 
fibrinogen. 



Table 1. 

Panning Ligand 

Fibrinogen IgG 

1st Wash 1 .6x1 0 3 cfu/ml 

pH5 4 1.6xl0 3 cfu/ml 

pH3.4 2. lxlO 3 cfu/ml 

pH 1.8 7.0x1 0 3 cfu/ml 

2nd Wash 1 2x\& cfu/ml 2.2xl0 2 cfu/ml 

pH5.4 4.4x1 0 3 cfu/ml 6.2x1 0 2 cfu/ml 

P H3.4 4. 3xl0 4 cfu/ml 1 4xl0 3 cfu/ml 

p H 1.8 2.0x1 0 3 cfu/ml 8.0x1 0 2 cfu/ml 



Example 3: DNA sequencing and sequence analysis 

Eight colonies coming from the second panning (pH 3.4) against fibrinogen described in 
Example 2 were chosen for further studies. Phagemid DNA from these colonies was prepared and 
partially sequenced. Seven of the clones seemed to contain the same insert. One of these seven 
clones called pSElOO was chosen for further studies. Purified phagemid DNA from the clone 
pSElOO was analysed by restriction mapping which revealed that the phagemid contained an insert 
of-1 .8 kilo base pair (kb) The nucleotide (nt) sequences of the complete inserts of pSElOO were 
determined and the nt and deduced amino acid (aa) sequences were analysed using the PC-gene 
program This analysis revealed that th insert of pSElOO contains an open reading frame of 1.745 
nt (sequence list) Thus the insert encodes a 581 aa protein, termed protein FIG (and the 
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corresponding gene termed fig) 9 with a calculated molecular mass of --65 kDa (sequence list). 
Furthermore, the sequence analysis show that the insert of pSElOO is in the correct reading frame 
with the vector sequences in the 5 -and 3 -ends. This means that the insert gives rise to a fusion 
with the pel leader and the myc tail (sequence list) and that the native 5 - and 3 -ends of the fig 
5 gene is not present in the pSElOO clone. 

To obtain the missing 5 and 3 end of the fig gene a Southern blot analysis was performed 
using chromosomal DNA from strain HB digested with various restriction enzymes. The probe was 
prepared as follows, two oligonucleotides (5 CAACAACC ATCTC ACAC AAC3 and 
5 CATC AAATTGAT ATTTCCCATC3 ') were used to PCR amplify a ~L3kb fragment from the 

10 insert of pSElOO. The PCR generated fragments were 32P-labelled using random priming. After 
hybridisation using stringent conditions the NC-filter was washed and subjected to 
autoradiography. The result showed that the Xbal cleavage gave a single band in size of -6 kb. The 
corresponding fragment was subsequently ligated into Xbal digested pUC18 vector. After 
transformation clones harbouring the -6 kb Xbal-fragment were identified by colony hybridisation 

15 using the same probe as in the Southern blot experiment. One such clone, called pSElOl was 
chosen for further studies. DNA sequence analysis showed that the fig gene consist of an open 
reading frame of a 3291 nt, encoding a protein, called FIG of 1097 aa with a calculated molecular 
mass of -11 9 kDa (Figure 6). The FIG protein consist of several typical features found among 
Gram-positive cell surface bound proteins, like a N-terminal signal sequence and a C -terminal aa 

2 0 motif LPDTG, followed by a stretch of 17 hydrophobic aa ending in a stretch of charged aa (Figure 
6). Following the signal sequence, there is a region, called A of 773 aa. The insert of pSElOO 
contains the sequence corresponding to residue 75 to 656 of the A region (Figure. 7). The A region 
is followed by a highly repetitive region of 216 aa composed of tandemly repeated aspartic acid and 
serine residues, called R (Figure 6 and 7). The dipeptid region consist of an 18 bp sequence unit 

25 (consensus of GAX TCX GAX TCX GAX AGX) repeated 36 times. The 18 bp sequence is 
almost maintained perfect throughout the whole R region except for the second unit which is 
truncated, consisting of only 12 of the 18 bp and the 3 end of the region where the consensus 
sequence is slightly disrupted (units 32, 34 and 36). The changes in the later units also result in an 
amino acid exchange which disrupt the DS repeat. 

30 Using the deduced amino acid sequence of protein FIG protein databases were screened 

for sequence similarities. Interestingly, the search showed that the highest score obtained was for 
the clumping factor (ClfA) of S. aureus (Figure 7). This protein binds fibrinogen and has been 
town to promote aggregation of bacteria in the present of plasma. Beside similarities in the N- and 
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C -terminal part encoding the signal sequence and the cell membrane spanning domain, respectively 
the most obvious similarity with the clumping factor is the repetitive R region. In both ClfA and 
FIG protein, the DS repeat region is encoded by the same 18 bp consensus unit. Comparing the 
nucleotide sequences of fig and clfA shows that the R regions have an extensive homology. In 
5 addition, protein FIG also shows homology to ClfA in the A region, the non-repetitive fibrinogen 
binding domain (Figure 7). 

Example 4: Properties of the fibrinogen binding protein encoded from pSEIOO 
A) Specificity of the fibrinogen binding 

The phagemid pSEIOO was electroporated into competent E. coll TGI cells. After growth 

1 0 over night on a LA plate (containing ampicillin and glucose) one colony containing pSEIOO was 
grown over night and infected with the helper phage R408 for production of an enriched phage 
stock. The resulting phage stock containing recombinant phages expressing the insert of pSEIOO 
had a titer of 3xl0 9 cfu/ml. The phage stock of pSEIOO was used to pan against 13 different 
proteins coated in microtiter wells and to one uncoated well. To each well containing the respective 

1 5 protein (or to the uncoated well) 200 pJ of the phage stock of pSEIOO was added. After panning 
for three hours at RT under gentle agitation the wells were washed extensively, using PBST and a 
sample of the last wash was collected. The bound phages were eluted with Na-Citrate buffer pH 
1.8. The eluted samples were immediately neutralised using 1M Tris-HCl pH 8.6. The eluted 
phages and the phages from the wash were allowed to separately infect E. coli TGI cells and after 

20 infection, the cells were plated on LA plates containing ampicillin and glucose. The plates were 
incubated over night at 37°C and the frequency of colonies was counted. The result of this 
experiment is presented in Table 2 which shows the fibrinogen binding specificity of the protein 
expressed by pSEIOO. 
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Table 2. 
Ligand 


Wash 


EhiatepH 1.8 


Fibrinogen 


1.1x10* cfu/ml 


1.4xl0 7 cfu/ml 


a 2 M 


2.0x10* cfii/m] 


2.0xl0 3 cfu/ml 


BSA 


<10 2 cfu/ml 


8 0x1 0 2 cfu/ml 


Collagen type I 


6.0x1 0 2 cfu/ml 


1. 2x1 0 3 cfu/ml 


Elastin 


8 Ox 10 2 cfu/ml 


5.2X10 3 cfu/ml 


Fibronectin 


6.0xl0 2 cfu/ml 


2.4x1 0 4 cfu/ml 


HSA 


8 Ox 10 2 cfu/ml 


2.2X10 3 cfu/ml 


IgA 


6.0xl0 2 cfu/ml 


6.8x10" cfu/ml 


IgG 


4.0x1 0 2 cfu/ml 


4.4x1 0 3 cfu/ml 


Lactoferrin 


6.0xl0 2 cfu/ml 


8.2x1 0 3 cfii/ml 


Pepsin 


1.8xl0 2 cfu/ml 


3.7xl0 4 cfu/ml 


Transferrin 


2.0x1 0 2 cfu/ml 


2 4x1 0 3 cfu/ml 


Vitronectin 


<10 2 cfu/ml 


2.2x1 0 3 cfu/ml 


Plastic 


2.4xl0 3 cfu/ml 


9 0xl0 3 cfu/ml 



(B) Inhibition experiment 

The pSElOO phage stock was diluted to a titer of ~5xl0 6 cfu/ml. Of this phage solution 

2 0 samples (180 ^1) were taken and separately incubated for one hour with different concentrations of 
fibrinogen, BSA or IgG before transferred to fibrinogen coated microtiter wells. After panning for 
three hours at RT under gentle agitation, the wells were washed extensively using PBST. The 
bound phages were ehited with Na-Chxate buffer pH 1.8. The eluted samples were immediately 
neutralised using 1M Tris-HCl pH 8.6. The eluted phages were allowed to infect E. coli TGI cells 

2 5 and after infection, the cells were plated on LA plates containing ampicillin and glucose. The plates 
were incubated over night at 37°C and the frequency of colonies was counted. The result of this 
experiment is presented in Table 3, which shows that the binding to fibrinogen is inhibited by 
fibrinogen but not with the other tested proteins 
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Table 3 
Cone, of 



different 


Soluble iigands 






lieands (ug/ml) 


Fibrinogen 


BSA 


IgG 


5 0 


7.6xl0 4 cfu/ml 


7.6xl0 4 cfu/ml 


7.6xl0 4 cfu/ml 


0.1 


4.4xl0 4 cfu/ml 


7.0x1 0 4 cfu/ml 


6.2xl0 4 cfu/ml 


. 1 


3.6xl0 4 cfu/ml 


9.3x1 0 4 cfu/ml 


9.0xl0 4 cfu/ml 


10 


1.5xl0 4 cfu/ml 


6.3x1 0 4 cfu/ml 


7.8xl0 4 cfu/ml 


100 


3.8X10 3 cfu/ml 


6.4xl0 4 cfu/ml 


7.3xl0 4 cfu/ml 


10 1000 


3.0xl0 2 cfu/ml 


6.9xl0 4 cfu/ml 


7.6x1 0 4 cfu/ml 



Example 5: Western blot experiment 

EL coli cells of strain TGI and MC1061 containing pSElOO were grown in LB (containing 
ampicillin and glucose) over night at 37°C. The next morning the cells were harvested by 

1 5 centrifugation, resuspended in LB (containing ampicillin, glucose and O.l M IPTG and further 
incubated at 37°C. Twelve hours later the cells were harvested by centrifugation and both the cells 
and the supernatant were taken care of Four volumes of acetone were added to the supernatant 
and the resulting precipitate was collected by centrifugation, air-dried and resuspended in ice-cold 
PBS. Prior to electrophoresis the cells and the precipitate from the supernatant were resuspended 

20 separately in a sample buffer containing 2.5%SDS and 5% beta-mercaptoethanol and boiled for 
two minutes After denaturation the samples were analysed run under reducing conditions using the 
PHAST-system (Pharmacia) on a 8-25% gradient gel using SDS-buffer strips. After the 
electrophoresis was completed a NC-fiher previously soaked in PBS was put on the gel and the 
temperature raised to 45°C. After -45 minutes the NC-fiher was wetted with 1 ml PBS, gently 

2 5 removed and placed in 1 5ml PBS containing 0. 1 % Tween 20 solution (PBST 0. 1%) for 30 minutes 
in RT (under gentle agitation and with two changes of PBST 0.1% solution). After the last change 
of PBST 0.1% fibrinogen was added to a final cone, of 20ng/ml and the filter was incubated for 
four hours at RT under gentle agitation. The filter was subsequently washed for 3x10 minutes using 
PBST0.1% and HRP-conjugated rabbit anti-human fibrinogen antibodies (DAKO code A 080, 

30 diluted 1:500 in PBST 0.1%) were added and the filter was incubated for 1 hour at RT under 
gentle agitation. After washing the filter 3x10 minutes using PBST 0.1% the bound fibrinogen was 
visualised by transferring the filter to a solution containing a substrate for the horse radish 
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peroxidase (6 ml 4-chloro- 1 -naphtol (3 mg/ml in methanol) + 25 ml PBS + 20 jil H2O2). The result 
showed that a fibrinogen binding protein was found in both types of samples (cells and growth 
media) in both K coli cells harbouring pSElOO, while no such protein was found in the control 
cultures of E. coli TGI and MCI 061. The fibrinogen binding protein expressed from the pSElOO 
was in the approximate size as expected from the deduced amino acid. 

Example 6: The occurrence of the fig gene and the use of ftp gene to identify S. epidermidis in 
diagnostic test 

Purified chromosomal DNA from S. aureus strain 8325-4, Streptococcus equi subsp equi 
strain 196 and subspecies zooepidemicus strain Z5, Streptococcus pyogenes strain 2-1047, 
Streptococcus dysgalactiae strain 8215 were cleaved using the restriction enzyme EcoRl The 
cleaved samples were run on an 0.8% agarose-gei together with chromosomal DNA from S. 
epidermidis strain HB cleaved with various restriction enzymes. After the electrophoresis was 
completed, the separated DNA fragments were transferred to a NC-filter using the Vacuum 
blotting system from Pharmacia After the transfer the filter was hybridised under stringent 
conditions (in a solution containing 6xSSC, SxDenhart, 0.5% SDS at 65°C) using a probe designed 
based on the nucleotide sequence of the insert of pSElOO. This probe had earlier been prepared as 
follows, two oligonucleotides: (5 -AGGTCAAGGAC AAGGTGAC-3 ' and 5 - 

CAACAACCATCTCAC AC AAC-3 ') were ordered (Pharmacia) and used as a primer pair in a 
PCR (25 cycles of 94°C 1 minute, 50°C 30 seconds, 72°C 1 minute using an Perkin Elmer Cetus 
Thermal Cycler 480) to amplify an -150 bp fragment of the insert of pSElOO The amplified 
material was run on an agarose gel and the -150 bp fragment was purified and radioactively 
labelled using 32 P-dATP and the Multiprime DNA labelling system (Amersham). The filter was 
hybridised over night and subsequently washed in a washing solution (0.2% SSC, 0.1% SDS) at 
60°C and autoradiographed. The result showed that no hybridisation was detected in the samples 
originating from streptococci and S. aureus while hybridisation occurred to the samples coming 
from the 5. epidermidis strain HB 

To investigate the occurrence of the fig gene in other strains of S. epidermidis the following 
PCR reaction was set up. Chromosomal DNA from 13 different clinical isolates of S. epidermidis 
was used as templates. The same primers and the same PCR conditions as described above were 
used. The result showed that an amplified product of -150 bp could be detected (using a 2% 
agarose gel) in all strains of 5. epidermidis but not in the control samples original containing 
chromosomal DNA from S. aureus and S. pyogenes 
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Exam ple 7 A PCR amplification assay for analysis of corresponding PS repeat regions from 
various isolates of S. epidermidis 

McDevitt and Foster (Microbiology, 1995,141:937-943) have shown that the DS repeat 
region in various isolates of S. aureus strains may differ considerable. To investigate if the DS 
5 repeat region in S. epidermidis also varies in size between different isolates following experiment 
was performed. A pair of primers (5 'CCGATGAAAATGGAAAGTATC3 and 
5 TCCGTTATCTAT ACTAAAGTC3 ') hybridising on the 5 and 3' side, respectively, of the DS 
repeat region of protein FIG were used to PCR amplify the corresponding region in 1 1 different 
isolates of S. epidermidis. The amplification was performed as follows, after initial denaturation for 

1 0 1 min. at 95°C a cycle started with a denaturation step for 30 sec. at 95°C, followed by an annealing 
time of 1 min. at 50°C and a elongation period of 2 min. at 72°C. The cycle was repeated 25 times 
and ended in an final elongation period of 7 min. at 72°C. The PCR products representing the DS 
region of respective strain were analysed by agarose-gel electrophoresis. The result showed that one 
band of various length was present in each sample. The conclusion from this is that this type of 

1 5 method can be used as a diagnostic test to get a "fingerprint" of a particular strain. This might be 
useful in e.g. tracing a the origin of an infection. 

Fxam ple 8 The use of the DS fragment of strain HB to identify other homologous genes in 
coagulase-positive and -negative staphylococci 

A DNA fragment consisting of the DS repeat region was constructed as follows. One pair 

20 of oligonucleotide primers (5 ' ACTGATCATGATGACTTTAGT 3' and 5 TCCGTTATCTAT 
ACTAAAGTC3 ) was used to PCR amplify the DS region of strain HB using the same conditions 
as described above. The amplification resulted in a -700 bp fragment which was radioactively ( J2 P) 
labelled using random priming. This probe was used in a Southern blot analysis using chromosomal 
DNA (cleaved with EcoRI) from various species of staphylococci (S. aureus, S. epidermidis strain 

25 HB, S. haemofyticus strain 789 and strain SM131, S. lugdunensis, S. schleiferi, S. intermedius, 
SJentus, S. sciuri, S. camosus, S. saprophyticus and 5. hyicus. 

The hybridisation was performed under stringent conditions at 65°C over night. The next 
day the filter was washed at 65°C, using 2XSSC following autoradiography. The result showed that 
at least one specific band was present for the following species; S. aureus. S. epidermidis strain 
30 HB, S. haemolyticus strain 789 and strain SM131, S. lugdunensis, S. intermedius, S. sciuri, S. 
camosus (weak signal) and S. hyicus. This result shows, that it is possible to clone and identify the 
corresponding regions in these species. 
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Example 9: Production of GST-FIG 

By polymerase chain reaction, a DNA fragment was amplified encoding a portion of the 
fibrinogen binding protein. Upper primer was GCGGATCCAATCAGTCAATAAACA 
CCGACGAT and lower primer was CGGAATTCTGTTCGGACTGATTTGG AACTTCC . 
5 Amplification was done for 30 cycles at 94°C 30 seconds, 60°C 30 seconds, 72°C 2 minutes 
beginning with 94°C for 4 minutes and ending with 72°C for 4 minutes. The amplified fragment was 
digested with EcoRI and Bam HI. Plasmid pGXT-4T (Pharmacia, Uppsala, Sweden) was digested 
with EcoRI and Bam HL, mixed with the digested fragment and the mixture ligated using T4 DNA 
ligase according to standard procedures. The ligated DNA was transformed into K colt strain TGI . 

10 A transformant was isolated with a plasmid encoding a fusion protein composed of glutathione thio 
transferase and fibrinogen binding protein. The protein was purified with the vector plasmid 
according to Pharmacia's instructions. The purified GST-FIG protein was subjected to Western 
affinity blot. It was run on polyacrylamide gel electrophoresis, transferred to nitrocellulose paper by 
passive diffusion, the paper treated with fibrinogen (5 jig/ml) for 2 hours at room temperature, 

15 followed by rabbit ami fibrinogen antibodies conjugated to HRP. A band corresponding to a 
molecular weight of approx. 100 kDa was seen. Omitting fibrinogen in a control experiment 
displayed no band. 

Example 10: Demonstration of binding of GST-FIG to stationary phase fibrinogen 

Microtiter wells were coated with human fibrinogen (Sigma Chemicals Co.) at a 

20 concentration ranging from 2.5 to 20 ng/ml at room temperature overnight. The plates were 
aftercoated with 2% bovine serum albumin (BSA) for one hour at 37°C. The microtiter plates were 
washed three times and GST-FIG was added to the wells at concentrations of 25, 50 or 100 |ig/ml 
(indicated by the three separate lines in Rg. 8) and the plates incubated for two hours at 37°C. 
Capture of GST-FIG to the fibrinogen layer was, after washing, detected by antibodies (diluted 

2 5 1 000 times) raised in a rat against His-FIG. Binding of antibodies was, after washing, detected with 
rabbit anti rat IgG antibodies conjugated with HRP. The substrate for HRP was OPD tablets 
(Dakopatts) with H2O2 Colour reaction was measured at 495 nm. Fig. 8 shows that GST-FIG is 
captured to fibrinogen in a dose dependent way. 
Example 1 1 : Inhibition of S. epidermis adherence to fibrinogen by FIG 

30 Fibrinogen at 2 pg/ml was used to coat microtiter wells overnight at room temperature and 

aftercoated as above. GST-FIG fusion protein, GST or FIG was added at concentrations indicated 
in Fig. 9. Radioactively labelled bacteria was added immediately after, and incubated at 37°C for 
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two hours Decrease of bacterial binding as a function of GST-FIG fusion protein, GST or FIG is 
shown in Fig. 9. The symbols in Fig. 9 are the following: squares - inhibition by GST-FIG (mean 
and SE of five independent experiments are shown); triangles - inhibition by GST carrier protein, 
circles - inhibition by FIG after thrombin digestion. Only the fusion protein and FIG molecules 
5 could inhibit binding 

Radioactive labelling of bacteria was obtained by growing them in the presence of tritiated 
thymidine (20^Ci/ml, specific activity 81 Ci/mmole) for 5 hours in LB. 

Cleavage of GST-FIG was achieved by adding thrombin and incubating at 37°C for 2 

hours. 

10 Example 12: Inhibition of S. epidermidis adherence to fibrinogen by antibodies against GST-FIG 
and FIG 

Fibrinogen at 2 mg/ml was used to coat microtherwells overnight at room temperature and 
aftercoated as above. Radiolabeled S. epidermidis were incubated with different dilutions of sera 
for 1 hour at 37oC. The bacteria - serum mixtures were then added to the wells and adherence was 

15 allowed to take place for two hours at 37°C. Non adherent bacteria were washed away and the 
amount of adherent bacteria were determined as in example 1 1 above. Four serum samples were 
used: 1) Serum from before immunisation from rat No 1.2) Serum from before immunisation from 
rat No 2. 3) Serum from rat No 1 immunised with GST-FIG. 4) Serum from rat No 2 immunised 
with FIG generated by thrombin cleavage From Figure 10 it can be seen that adherence is reduced 

20 after incubation with sera against FIG or against the GST-FIG fusion protein. With relative 
adherence of 1.0 is meant the adherence obtained after incubation of the radiolabelled bacteria with 
phosphate buffered saline 

The experiment was repeated, and data from adherence blocking, using sera taken before 
immunisation and serum taken after immunisation with GST-FIG is shown in Figure 1 1 

25 Although the invention has been described with regard to its preferred 

embodiments, which constitute the best mode presently known to the inventors, it should be 
understood that various changes and modifications as would be obvious to one having the 
ordinary skill in this art may be made without departing from the scope of the invention which 
is set forth in the claims appended hereto. 
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Sequence list 



10 20 30 40 50 60 70 

I I | | I I ! 

5 A.CCACCACCACCACCACCACCCCTCTAGTGATGAAGAAAAGAATGATGTGATCAATAATAATCAGTCAATAA 

HHHHH HP SS DEEKND VINNNQS I 

^ PeC t€«udcr ~ ~~ 

80 90 100 110 120 130 140 

I I I I I I I 

ACACCGACGATAATAACCAAATAATTAAAAAAGAAGAAACGAATAACTACGATGGCATAGAAAAACGCTCAG 

NTDDNNQI i K KEETNNYDGIEKRS 

10 

ISO 160 170 180 190 200 210 

| | | 1 I I I 

AAGATAGAACAGAGTCNACAACAAATGTNGATGAAAA.CGAAGCAACATTTTTACAAAAGACCCCTCAAGATA 

EDRTEXTTNXDENEATFLQKTPQD 

220 230 240 2S0 260 270 280 

II | | | I I 

15 ATACTCATCTTACAGAAGAAGAGGTNAAAGAATCCTCATCAGTCGAATCCTCAAATTCATCAATTGATACTG 

NTHLTEEEXKESSSVESSNSSIDT 

290 300 310 320 330 340 3S0 360 

II I | | I I I 

CCCAACAACCATCTCACACAACAATAAATAGAGAAGAATCTG^ 

AQQPSHTT INREESVQTSDNVEDS 

20 

370 380 390 400 410 420 430 

ACGTATCAGATTTTGCTAACTCTAAAATAAAAGAGAGTAACACTGAATCTGGTAA 

HVSDFANS KI KESNTESGKEENTI 

440 450 460 470 480 490 500 

2 5 AGCAACCTAATAAAGTAAAAGAAGATTCAACAACAAGTCAGCCGT 

EQPNKVKEDSTTSQPSGYTNIDEK 



30 
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Sequence list cent 

510 520 530 540 5S0 560 570 

1 I I I I I I 

TTTCAAATCAAGATGAGTTATTAAATTTACCAATAAATGAATATGAAAATAAGGCTAGACCATTATCTACAA 

I SNQDE LLNL PINEYENKARPLST 

580 590 600 610 620 630 640 

I I I I I I I 

CATCTGCCCAACCATCSATTAAACGTGTAACCGTAAATCAATTAGCG6CGGAACAAGGTTCGAATGTTAACC 

TSAQ PS I KRVTVNQLAAEQGSNVN 

650 660 670 660 690 700 710 720 

I I I I I I I I 

ATTTAATTAAAGTTACTGATCAAAGTATTACTGAAGGATATGATGATACT 

HL I KVTDQS I TEGYDDSEGVI KAH 

730 740 750 760 770 780 790 

I I I I I I I 

ATGCTGAAAACTTAATCTATGATGTAA C 111 rGA AGTAGATGATAAGGTGAAATCTGGTGATACGATGACAG 
DAEN LI YDVT FEVDDKVKSGDTUT 

800 810 820 830 840 850 860 

I I I I I I I 

TGGATATAGATAAGAATACAGTTCCATCAGATTTAACCGATAGCTTTACAATACCAAAAATAAAAGATAATT 

VD ID KNTVPS DLTDSFTIPKI KDN 

870 880 890 900 910 920 930 

II I I I I I 

CTGGAGAAATCATCGCTACAGGTACTTATGATAACAAAAATAAACAAATCACCT 

SGEI IATGTYDNKNKQITYTFTDY 

940 950 960 970 980 990 1000 

TAGATAAGTATGAAAATATTAAAGCACACCrrrA^ 

VDKYEN I KAHLKLTSYI DKSK VPN 
1010 1020 1030 1040 1050 1060 1070 1080 

ataataccaagttagatgtagJuvtataaaacggcc 

nntkldveyktalssvnktitvey 

1090 1100 1110 1120 1130 1140 HSO 

I I I I I I ^ \ 

AAAGACCTAACGAAAATCGGACTGCTAACinTCAAAGTATGTTTACAAATATAGATACGAAAAATCATACAG 

QRPNENRTANXQSfclFTNIDTKNHT 

1160 1170 1180 1190 1200 1210 1220 

TTGAGCAAACGATTTATATTAACCNTCTTCGTTATTCAGCCAAGGAAACAA 

VEQT IYI NXLRYSAKETNVNISGN 

nS4OSrC0WMHW7-Ok.1 ( 
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Sequence list c at. 

1230 1240 1250 1260 1270 1280 1290 

I I I I I 1 1 

gtgatgaaggttcaacaattatagacgatagcacaataattaaagtt^^ 

r5 EG STIIDDSTIIKVYKVGDNQN 

13O0 1310 1320 1330 1340 1350 1360 

I I I I I I I 

TACCAGATAGTAACAGAATTTATGATTACAGTGAAT^^ 

LPD SNRIYDYSEYEDVTNDDYAQL 

1370 13B0 1390 1400 1410 1420 1430 1440 

I I I I I I I 1 

GAAATAATAATGATGTGAATATTAATTTTGGTAATATAGATTCACCATATATTATTAAAGTTATTAGTAAAT 

GNNNDVNINFGNIDSPYIIKVISK 

1450 1460 1470 1480 1490 1500 1510 

I I | I I I 1 

ATGACCNTAATAAGGATGATTACACGACTATACAGCAAACTGTGACAATGCAGACGACTATAAATGAGTATA 

YDXNKDDYTTIQQTVTMQTTINEY 

1520 1530 1S40 1550 1560 1570 1580 

CTGGTGAGTTTAGAACAGCATCCTATGATAATACAATTGCTTTCT 

T O EFRTASYDNTIAFSTSSGQGQG 
1590 1600 1610 1620 1630 1640 1650 

acttgcctcctgaaaaaacttataaLtcggagattacgtatgggaagatgtagataaaga 

D LPPEKTYKI GDYVWEDVDKDG-Q 

1660 1670 1680 1690 1700 1710 1720 

ATACAAATGATAATGAAAAACCGCTTAGTAATGTATTGGTAACTTTGACGTATCCTG 

N TNDNEKPLSNVLVTLTYPDGTSK 

1730 1740 1750 1760 1770 1780 

I I 1 I I I 

CAGTCAG AACAG ATGAAGATGGG AAAT AT CAATTTGATGGGGTG CAGGT CGAC 
SVRTDEDGKYQFDGVQVD 





are 



indicated 
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Claims 

1. Protein or polypeptide having fibrinogen binding activity, characterized in that said 
protein or polypeptide originates from a coagulase-negative staphylococcal strain. 

2. Recombinant DNA molecule containing a nucleotide sequence coding for a protein or 
5 polypeptide having fibrinogen binding activity, characterized in that said protein or polypeptide 

originates from a coagulase-negative staphylococcal strain. 

3. Piasmid, phage or phagemid containing a nucleotide sequence coding for a protein or 
polypeptide having fibrinogen binding activity, characterized in that said protein or polypeptide 
originates from a coagulase-negative staphylococcal strain. 

10 4 Micro-organism containing at least one recombinant DNA molecule according to claim 

2. 

5. Micro-organism containing at least one plasmid, phage or phagemid according to claim 

3. 

6. Method for producing a fibrinogen binding protein or a polypeptide thereof; 
1 5 characterized in that 

- at least one recombinant DNA molecule according to claim 2 is introduced in a micro- 
organism, 

- said micro-organism is cultured in a suitable medium, 

- the protein thus formed is isolated by chromatographic purification. 

20 7 Method for producing a fibrinogen binding protein or polypeptide thereof; 

characterized in that 

- at least one recombinant protein according to claim 2 is expressed on a phage particle, 

- said phage particle shows fibrinogen binding activity. 
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by the DNA sequence according to claim 8. 

18. The use of antibodies according to claim 1 7 for diagnostic purposes. 

19 The use of antibodies according to claim 17 for therapeutic and prophylactic purposes. 

20. The use of antibodies against the extractable fraction of staphylococci to block the 
5 adherence of staphylococci 

21. The use of antibodies against the native fibrinogen binding protein from staphylococci 
to block the adherence of staphylococci. 

22. The use of antibodies against a protein according to claim 1 or parts thereof to block 
the adherence of staphylococci 

10 23. The use of a fibrinogen binding protein or parts thereof from staphylococci as an 

immunogen. 

24. The use of a protein according to claim 1 or parts thereof as an immunogen. 

25. Vaccine composition including a protein according to claim 1 . 

26 Vaccine composition including a DNA sequence according to claim 8. 
1 5 27. Method of active immunisation including the administration of a protein according to 

claim 1 to a mammal 

28. Method of active immunisation including the administration of a DNA sequence 
according to claim 8, to a mammal. 

29 Method of passive immunisation including the administration of antibodies, raised 
2 0 against a protein according to claim 1 or against a peptide, encoded by a DNA sequence according 
to claim 8, to a mammal 
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Fig. 1 
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Fig. 4 
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Fig. 5 
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Fig. 6 



TACATTGAAATAGTCAAAGAAAAGGAGTTTTTATGATTAATAAAAAAAATAATTTACTAA- 6 0 

MINKKNNLL-9 



CTAAAAAGAAACCTATAGC AAATAAATCCAATAAATATGCAATTAGAAAATTC AC AGTAG - 1 2 0 
TKKKP IANKSNKYAIRKFTV -29 



GTAC AGCGTCTATTGTAATAGGTGCAAC ATTATTGTTTGGTTTAGGTC ATAATGAGGCC A - 1 8 0 
GTAS I VIGATLIjFGLGHNEA -49 



->A 

AAGCCGAGGAGAATTC AGTACAAGACGTTAAAGATTCGAATACGGATGATGAATTATCAG - 2 4 0 
KAEENSVQDVKDSNTDDELS -69 



ACAGC AATGATC AGTCTAGTGATGAAGAAAAGAATGATGTG ATC AAT AATAATC AGTCAA - 3 0 0 
DSNDQSSDEEKNDVINNNQS -89 



TAAACACCGACGATAATAACCAAATAATTAAAAAAGAAGAAACGAATAACTACGATGGCA-3 60 
I NTDDNNQI I KKEETNNYDG -109 



TAGAAAAACGCTC AGAAGATAGAACAGAGTCAACAACAAATGTAGATGAAAACG AAGCAA - 4 2 0 
I EKRS EDRTESTTNVDENEA -129 



CATTTTTACAAAAGACCCCTCAAGATAATACTCATCTTACAGAAGAAGAGGTAAAAGAAT-4 80 
TFLQKT PQDNTHLTEEEVKE -149 



CCTC ATC AGTCGAATCCTC AAATTCATC AATTGATACTGCCCAAC AACC ATCTCAC ACAA - 5 4 0 
SSSVESSNSSIDTAQQPSHT -169 



C AATAAATAG AGAAGAATCTGTTC AAAC AAGTGAT AATGTAGAAG ATTCAC ACGTATC AG - 6 0 0 
TINRE ESVQTSDNVEDSHVS -189 



ATTTTGCT AACTCTAAAATAAAAGAG AGTAAC ACTGAATCTGGTAAAGAAGAG AATACT A - 6 6 0 
DFANS K I KESNTESGKEENT -209 



TAGAGCAACCTAATAAAGTAAAAGAAG ATTCAACAACAAGTCAGCCGTCTGGCTAT ACAA- 7 2 0 
I EQPNKVKEDSTTSQPSGYT -229 



AT AT AGATGAAAAAATTTC AAATC AAGATGAGTT ATTAAATTTACC AATAAATGAATATG - 7 8 0 
NIDEKI SNQDELLNLPINEY -249 
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Fig* 6 continued 



AAAAT AAGGCTAG ACC ATTATCTAC AAC ATCTGC CC AAC C ATCGATT AAACGTGTAACC G - 8 4 0 
ENKARPLSTTSAQPSI KRVT -269 

TAAATCAATTAGCGGCGGAACAAGGTTCGAATGTTAACCATTTAATTAAAGTTACTGATC - 9 00 
VNQLAAEQGSNVNHLI KVTD -289 

AAAGTATTACTGAAGGATATGATGATAGTGAAGGTGTTATTAAAGCACATGATGCTGAAA - 9 60 
QSITEGYDDSEGVIKAHDAE -309 

ACTTAATCTATGATGTAACTTTTGAAGTAGATGATAAGGTGAAATCTGGTGATACGATGA- 1020 
NLIYDVTFEVDDKVKSGDTM -329 



CAGTGGATATAGATAAGAATACAGTTCC ATCAGATTTAACCGATAGCTTTACAATACCAA- 1 080 
TVDI DKNTV P S DLT D S FT I P -349 

AAATAAAAGATAATTCTGGAGAAATC ATC GCT ACAGGT ACTTATGATAAC AAAAATAAAC - 1 1 4 0 
KIKDNSGEI IATGTYDNKNK -369 

AAATC AC CT AT ACTTTTAC AG ATTATGTAG AT AAGTATG AAAAT ATT AAAGC AC AC CTT A - 1 200 
QITYTFTDYVDKYENI KAHL -389 

AATTAACGTC ATACATTGATAAATC AAAGGTTCCAAATAATAATACC AAGTTAGATGTAG - 1 260 
KLTSYIDKSKVPNNNTKLDV -409 

AATATAAAAC GGC CCTTTC ATC AGTAAAT AAAAC AATTACGGTTG AAT ATC AAAG ACCT A - 1320 
EYKTALS SVNKTITVEYQRP -429 

ACGAAAATCGGACTGCTAAC CTTC AAAGTATGTTTAC AAAT ATAGATACG AAAAATC AT A - 1380 
NENRTANLQSMFTN I DTKNH -449 

C AGTTG AGC AAAC G ATTT AT ATTAAC CCTCTTCGTT ATTC AGCC AAGG AAAC AAATGT AA - 1 4 4 0 
TVEQTIYINPLRYSAKETNV -469 

ATATTTC AGGG AATGGTGATGAAGGTTCAACAATTATAGAC GAT AGC ACAATAATTAAAG - 1 5 0 0 
NI SGNGDEGSTI IDDSTI IK -489 

TTTATAAGGTTGG AGATAATC AAAATTTACC AG AT AGT AAC AG AATTT ATGATT AC AGTG - 1 5 6 0 
VYKVGDNQNLPDSNRIYDYS -509 

AATATGAAGATGTCACAAATGATGATTATGCCCAATTAGGAAATAATAATGATGTGAATA-1 62 0 
EYEDVTNDDYAQLGNNNDVN -529 

TTAATTTTGGTAATATAGATTC ACCATATATTATTAAAGTTATTAGT AAATATGACCCT A- 1680 
INFGNIDSPYIIKVISKYDP -549 
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ATAAGGATGATTACACGACTATACAGCAAACTGTGACAATGCAGACGACTATAAATGAGT-1740 
NKDDYTT I QQTVTMQTTINE -569 



ATACTGGTGAGTTTAGAACAGCATCCTATGATAATACAATTGCTTTCTCTACAAGTTCAG-1 8 00 
YTGEFRTASYDNTIAFSTSS -589 



GTCAAGGACAAGGTGACTTGCCTCCTGAAAAAACTTATAAAATCGGAGATTACGTATGGG- 1 860 
GQGQGDLP PEKTYKIGDYVW -609 

AAGATGT AGATAAAG ATGGTATTC AAAATAC AAATGATAATG AAAAACCGCTTAGTAATG - 1 920 
EDVDKDGI QNTNDNEKPLSN -629 



TATTGGTAACTTTGACGTATCCTGATGGAACTTC AAAATCAGTC AGAAC AGATGAAGATG - 1 980 
VLVTLTYPDGTSKSV-RTDED -649 



GGAAATATCAATTTGATGGATTG AAAAACGGATTG ACTTAT AAAATTACATTCGAAACAC - 2 0 4 0 
GKYQFDGLKNGLTYKITFET -669 

CTGAAGG ATATACGCCGACGCTTAAAC ATTCAGGAAC AAATCCTGC ACTAGACTC AGAAG - 2 1 0 0 
PEGYTPTLKHSGTNPALDSE -689 



GT AATTCTGT ATG GGTAACTATT AATGGAC AAGAC GATATG ACG ATTGAT AGTGGATTTT - 2160 
GNSVWVTINGQDDMTI DSGF -709 



ATCAAAC ACCTAAATACAGCTTAGGGAACTATGTATGGTATGAC ACTAATAAAGATGGTA- 2 220 
YQTPKYSLGNYVWYDTNKDG t -729 



TTCAAGGTGATGATGAAAAAGGAATCTCTGGAGTTAAAGTGACGTTAAAAGATGAAAACG-2280 
IQGDDEKG I SGVKVTLKDEN -749 



GAAATATC ATTAGTAC AACTAC AACCGATGAAAATGGAAAGTATCAATTTGATAATTTAA- 2340 
GN I I STT T T DEN GKY Q FDN L -769 



ATAGTGGTAATTATATTGTTCATTTTGATAAACCTTCAGGTATG ACTC AAACAACAACAG- 2 400 
NSGNYIVHFDKP SGMTQTTT -789 



ATTCTGGTG ATGATGACG AAC AGGATGCTGATGGGGAAGAAGTTC ATGTAAC AATTACTG- 2460 
DSGDDDEQDADG EEVHVT IT -809 

ATC ATG ATG ACTTTAGT ATAG AT AAC GGATACTATG ATGACGAATCG G ATTCC G ATAGTG - 2 5 2 0 
DHDDFSIDNGYYDDESDSDS -829 



ACTCAGACAGCGACTC AGATTCCGATAGTGATTCAGACTCCGATAGC GACTCGGATTCAG - 2 5 8 0 
DSDSDSDSDSDSDSDSDSDS -849 
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AC AGCGACTCAGATTC AGAC AGCGACTCGGATTCTGATAGCGACTCGGATTCAGAC AGCG - 2 640 
DSDSDSDSDSDSDSDSDSDS -869 

ACTC AGACTC AG AC AGTGATTC AGATTCAGAC AGCGACTC AGATTCCG AT AGTGATTCAG - 2 700 
DSDSDSDSDSDSDSDSDSDS -889 

ACTC AGAC AGCGACTC AGATTCTGAT AGTGATTCAGACTCAGAC AGTGATTCAGATTC AG- 2 760 
DSDSDSDSDSDSDSDSDSDS -909 

ACAGCGACTCAGATTCCGATAGTGATTCAGACTCAGACAGCGACTCAGATTCCGATAGTG- 2 820 
DSDSDSDSDSDSDSDSDSDS -929 



ATTC AGACTC AGACAGCGAC TCAGATTCTGATAGTGATTCAGACTC AGAC AGTGATTC AG - 2 880 
DSDSDSDSDSDSDSDSDSDS -949 

ACTC AGAC AGTGATTC AG ATTCCGATAGTGATTCAGACTCC GAT AGCGACTC AGAC TCGG - 2 9 4 0 
DSDSDSDSDSDSDSDSDSDS -969 

ATAGTGACTC AGATTCTGAT AGTG ATTC AGACTCCGATAGCGACTC AGACTCGGATAGTG- 3 000 
DSDSDSDSDSDSDSDSDSDS -989 

ACTC AG A TTCTGATAGTGATTCAG ACTC AGACAGCGACTCAGATTCTGAT AGTGATTCAG - 3 060 
DSDSDSDSDSDSDSDSDSDS -1009 

ACTCAGTC AGTGATTCAGATTCCGATAGTGATTCAGACTCAGGC AGTGATTCGGATTCCG- 3 120 
DSVSDSDSDSDSDSGSDSDS -1029 

R+- 

ATAGTGATTC AGACTC AGAC AACGACTCAGATTTAGGCAATAGCTCAGATAAGAGTACAA- 3180 
DS D S DS DND S DLGNS S DKST -1049 

-►M 

AAGATAAATTACCTGATAC AGGAGCTAATGAAGATTATGGCTCT AAAGGC ACGTTACTTG - 3 240 
KDKLPDTGANEDYGSKGTLL -1069 

GAACTCTGTTTGC AGGTTTAGGAGCGTTATTATTAGGGAAACGTCGC AAAAATA 3 3 00 

GTLFAGLGALLLGKRRKNRK -1089 

ATAAAAATTAAAATGTTCAAATGAAATTTGTAGAAAGAAGCAGATATGAGATTTGAATAG-3 360 
N K N * -1092 

AAAGTAG ATTTAGTCC AACAAATGTAAGATGTTGATTAAAACTATAATATAACTTTCAC G - 3 4 2 0 
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Fig. 6 continued 

TTTATC ATATCTTGTGAAAAAGATGATGC AAACAAGGTCATTTCTATTA A ft ft ftTGftD TTA- 3480 
AATGTATGATTTTTAGAG AAAC ATATAC AACTC AC AATCTG AC AATG ATTTAAT AGAGG A - 3 540 
ACCGTGAATTTTAAATGAATTCATGGTTCCTTTTX ft ftTft ft AAA TTCTTTTAT - 3 6 0 0 
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Fig. 7 



06 



CO 



.5 



OO 

as 



OO 



0 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO. 9748727A1 I > 



WO 97/48727 



PCT/SE97/01091 



12/15 




LogFg 



SUBSTITUTE SHEET (RULE 26) 



BNSOOCID:<WO S748727A1 I > 



WO 97/48727 



PCT/SE97/01091 



13/15 

Fig. 9 



125 




t 



Log concentration of inhibitor (^g/ml) 



BIMSDOCIO: -:WO S.748727A1 I > 



SUBSTITUTE SHEET (RULE 26) 



WO 97/48727 



14/15 



PCT/SE97/01091 



Fig. 10 
2-r " 




Log serum dil 



Prelmm No 1 
Prelmm No 2 

Serum against GST- FIG 
Serum against FIG 



SUBSTITUTE SHEET (RULE 26) 



•NSDOCID: <WO W48727A1 I 



WO 97/48727 



15/15 



PCT/SE97/01091 



Fig. U 



1,25 



© 
u 
c 

2 
© 

(0 

© 
> 

DC 




Serum dilution 



E3 Serum against GST-< FIG 
0 Pre immune serum 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 97/01091 



A. CLASSIFICATION OF SUBJECT MATTER 



Acco^ng io^nternLfo^alVatent Classification (IPC) or to both national classification and IPC 



B FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: C07K . 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



WPK CA. MEDLINE . BIOSIS, EMBASE, DIALINDEX 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Dialog Information Services, file 155, MEDLINE, 

Dialog accession no. 06062235, Medline accession 
no. 87072186, Usui Y: "Biochemical properties of 
fibrinogen binding protein (clumping factor) of the 
staphylococcal cell surface"; & Zentralbl Baktenol 
Mikrobiol Hyg, Sep 1986, 262 (3) p287-97 



Relevant to claim No. 



2-7,20-25, 
27,29 



|""^| Further documents are listed in the continuation of Box C. Sce P alent family annex. 



* Special categories of cited documents. 

"A" document defining the general state of the art whicb is not considered 

to be of particular relevance 
~U~ erher document but published on or after the international filing date 

"L** document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring 10 an oral disclosure, use, exhibition or other 
means 

*P" document published prior to the international filing date but later than 
the priority date claimed 



T" later document published after the international filing date or pnonty 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

-X* document of particular relevance: the claimed invention cannoi be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

*Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inveotive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 



22 Sept 1997 



Dale of mailing of the international search report 

09 -10- 1997 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Authorized officer 

Carolina Palmer ant 2 
Telephone No. + 46 8 782 2S OQ 



Form PCT/1SA/2 10 (second sheet) (July 1992) 



•^'SDOCID <WO &748727A1 I > 



INTERNATIONAL SEARCH REPORT 



C (Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT 



International application No. 
PCT/SE 97/01091 



Category* 



Citation of document, with indication, where appropriate, of the rdev.nl passages 



Relevant to claim No. 



Dla1 ?REu?Sr a S-°? Serv1ces . «!• 5, BIOSIS 
KKtvifcWS, Dialog accession no. 1509169 

Bios is accession no. 11033741, Holzhueter Hetal- 
frcTa ^V"* s ^ cif ^ of the clumping factor 
I^Tntt o 9 V aSe . n ? 9atlVe st aphylococcus strain 
against early and late fibrinogen and against fibrin 

DTsS'IIs^SS 42 ^lu-Ping test"; & VERH 
UTSCH GES INN MED 79. 1973 (RECD 1974) 1325-1327 



2-7,20-25, 
27,29 



ullf^S-lh tne M cla1 mS 1994 ™* *. 



20-21,23 



2-7,20-25, 
27,29 



Molecular Microbiology, Volume 11, No 2 1994 

D McDevitt et al, "Molecular characterization of 
ItLZ r Pin9 faCt ° r ( fibH n°gen receptor) of 
Staphylococcus aureus", page 237 - page 248; page 
left column, lines 43-47 



1-7,20-25, 
27,29 



» or«n PCT/ISA/3I U (contmuauon of second sheet) ; U )y I9M) ' 



BNSDOCID: <WO. 9746727A1J _> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/SE 97/01091 



Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This international search report has not been established in respect of cerUinclairns under Article 17(2)(a) for the following reasons: 

0 Claims Nos.: 20-24, 27 , 29 . 
because they relate to subject matter not required to be searched by this Authority, namely: 

Remark: Although claims 20-24, 27, 29 are directed to methods of treatment 
of the human/animal body the search has been carried out and 
based on the alleged effects of the compound/ composition (c.f. 
PCT rule 39.1(iv) ) . 



□ 



Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be earned out, specifically: 



3 - □ 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of Invention Is lacking (Continuation of Item 2 of first sheet) 



Tbis International Searching Authority found multiple inventions in this international application, as follows: 



1. | I As all required additional search fees were timely paid by the applicant, this international search report covers all 
searchable claims. 

2. I I As all searchable claims couldbe searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. I 1 As only some of the required additional search fees were timely paid by the applicant, this international search report 
" ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. I j No required additional search fees were timely paid by the applicant. Consequently, this international search report is 

I ' restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



| | Tbe additional search fees were accompanied by the applicant's protest. 
[ | No protest accompanied the payment of additional search fees. 



Form PCT/lSA/210 (continuation of first sheet (1)) (July 1992) 



•iNSDOCID: <WO &748727A1 I > 



INTERNATIONAL SEARCH REPORT 

inlormauon on patent family members 

. 01/09/97 



Iniernalional application No. 

PCT/SE 97/01091 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



WO 9406830 Al 



31/03/94 



AU 4837193 A 

CA 2124210 A 

EP 0621875 A 

SE 9202720 D 

SE 9302955 0 



12/04/94 
31/03/94 
02/11/94 
00/00/00 
00/00/00 



Form PCT/ISAMIU (patent fam.ly annex) (July 1992) 



BNSOOCID: <WO &748727A1 I > 



